This research poses the question of whether the diffusion of information and communications technology (ICT) in countries can affect human progress. Human progress in this research is defined as progress that allows every member of a society to live in an environment with high economic, political, and civil liberties.
Introduction
Currently, information and communication technology (ICT) exists everywhere in varied forms. The diffusion of ICT is clearly a global phenomenon that has witnessed a steep increase in the number of people connected, rather than remaining a privilege held by a few wealthy nations. According to the International Telecommunications Union (ITU), Internet users increased from 400 million in 2000 to 3.2 billion in 2015. In addition, there are seven billion mobile cellular subscriptions, nearly equal to the total population of the world (ITU, 2015) . Furthermore, the poor have gained greater accessibility to fixed-broadband subscriptions due to the 82% decrease in subscription price from 2008 to 2012 (ITU, 2015) . As these numbers suggest, in less than two decades, humans have been enriched with greater connectivity than ever before.
As ICT develops and spreads, however, worries about the digital divide between the wealthy and poor arise at both the individual and national level. Depending on the relative wealth of a nation, the diffusion rate of ICT greatly differs among nations due to infrastructure costs and the national commitments of each country (Mariscal, 2005) . At the same time, international organizations such as the United Nations Development Programme (UNDP, 2013) , the World Bank, and several multinational corporations (Packard, 2006) are recognizing the importance of using and facilitating ICT in the developing world as a key method to mitigate the digital divide and, ultimately, poverty (UNCTAD, 2002) . Additionally, as overcoming the digital divide is a key agenda in developmental efforts worldwide, academics and professionals have started to ask questions about the role of ICT in the context of further growth around the world.
ICT can be referred to as a type of general-purpose technology (GPT), a notion proposed by Helpman (1998) , given the peculiarities of the variability and adaptability of ICT with regard to other technologies or industries (Basu & Fernald, 2007) . The potency of ICT diffusion for social change has been recognized by various sectors. At the 2000 G8 Summit in Okinawa, all of the leaders of the developed nations agreed on the power of ICT, as enshrined in the Okinawa Charter on Global Information Society. "The Charter" states that ICT is one of the most potent forces shaping the twenty-first century (Virchow & von Braun, 2001) . Unlike other technologies with certain purposes, ICT allows other technologies to be enhanced in terms of productivity through optimization and technological convergence. Based on the variability and adaptability of ICT as a GPT, the diffusion of this technology can affect diverse sectors in the world.
While ICT diffusion has omnidirectional impacts around the world, previous research has mainly focused on the relationship between ICT and economic development. A number of studies have focused on enhancing productivity through the use of ICT in certain markets or industries, assuming that ICT as an input will affect output, i.e. that which is produced. However, as a vehicle of technology, ICT is also viewed as a catalyst for national development (Soeftestad & Sein, 2002) .
This research raises the argument that the diffusion of ICT matters in everyday lives when considering ICT as a GPT. Given that ICT is a GPT, we assume that ICT diffusion will not only affect productivity enhancements, but will also improve human society as a whole. Therefore, this study examines whether changes in the diffusion rate of ICT impact human progress factors such as economic freedom, political rights, and civil liberties. The following sections present a review of the literature on the impact of ICTs. First, the issue of economic growth demonstrates how ICT diffusion has affected growth accounting efforts. Next, we explore earlier work on the relationship between ICT diffusion and human progress. Building on these studies, the present study proposes a framework for model analysis. Finally, the paper concludes with its main findings from the analysis. Quah's (1999) definition of the "new economy," which he coined along with the "weightless economy," includes ICT and the Internet, as well as knowledge products and intellectual properties. Among these factors, Quah (2001) argues that, because ICT output typically has few physical manifestations or rivals and is infinitely expansible, it differs from other high-tech industries, which are characterized by increasing returns, as it offers technological innovations driving economic growth (Solow, 1956) . Therefore, with its exceptional peculiarities, many studies have examined the relationship between ICT and economic development.
ICT diffusion and economic growth
Since the time of fixed-line telephony as the main form of communication, the impact of ICT on economic growth has been discussed. For example, telephony allows organizations or societies (i) to remove the physical constraints between organizational communication, (ii) to achieve higher effectiveness from telecommunications and (iii) to enhance the efficiency of household operations (Wellenius, 1977) . Based on data from the United States, Hardy (1980) argued that the diffusion of fixed-line telephones at the organizational level contributed to economic growth, as it is a communicational medium that leads to better resource allocation, achievement of economies of scale, and advancements in productive knowledge. Nearly a decade later, Cronin, Parker, Colleran, and Gold (1991) conducted a time series analysis of 31 years of United States data, indicating that investments in telecommunications infrastructure positively affected economic growth and stimulated demand for further investments in telecommunications infrastructure. Outside of the United States, another study showed that, over the previous two decades, ICT had contributed between 0.2 and 0.5 percentage points per year to economic growth depending on the country (Colecchia & Schreyer, 2002) . A similar study in Taiwan also showed evidence of a positive relationship between ICT infrastructure and national competitiveness (Wang, 1999) .
Given the technological development of ICT with cost reductions at present, the use of ICT has widened more than in any other prior period. The emergence of the Internet has sparked general interest in ICTs, including how these technologies can help the developing world achieve further growth (Heeks, 2008) . In addition, recent research in Korea has proven that ICT convergence enhances productivity (Jung, Na, & Yoon, 2013) . On this backdrop, numerous studies have discussed the economic impacts of ICT. Cette, Mairesse, and Kocoglu (2005) showed that ICT diffusion contributes to potential output growth in the long-term and to productivity enhancements in the short-term.
However, not every study fully supports the role of ICT in economic growth in every case. Lee, Gholami, and Tong (2005) conducted cross-country time series analyses and concluded that ICT investments have contributed to improvements in national productivity levels within developed and newly industrialized economies, but not in developing countries. Moreover, there is skepticism about the direct economic impact of ICTs. While Avgerou (1998) was uncertain about the direct economic impact of ICT, she discussed the productivity paradox in which ICT diffusion at the organizational level is likely to bring redesigns of business processes, reorganizations of work procedures, restructuring of management, or changes in the range of products and services, all of which can lead to potential productivity enhancements.
Therefore, it is clear that there have been many efforts to assess the relationship between ICT and economic growth. Even if the debate over the interrelations between ICT and economic growth is ongoing, there is general agreement and much evidence that ICT affects economic growth. participation, and the right to engage in economic activity. Freedom is one of the key issues by which a human being can be affected by the expansion of ICT. Increased access to information leads to greater resources and opportunities (Flor, 2001) , and freedom of access to information is needed for ICT diffusion. Therefore, this study divides freedom into three parts in agreement with the UDHR and provides their definitions: economic freedom, political rights, and civil liberties.
We define human progress as advancements in the basic privileges of economic freedom, political rights, and civil liberties, which increase opportunities to social participants. Adopting the three human progress indicators of economic freedom, political rights, and civil liberties, we analyze whether the diffusion rate of ICT has had an impact on human progress indicators. An explanation of each indicator is in the next section.
Earlier studies analyzed the relationships between freedom indicators and ICT diffusion. Baliamoune-Lutz (2003) conducted an empirical study of 47 developing countries with three freedom indicators (economic, civil, and political freedom indexes) and four ICT indicators to find the key determinant of ICT diffusion, showing a result of income. In addition, Shirazi, Gholami, and Higón (2009) conducted an empirical analysis of economic freedom and the roles of ICT in Islamic Middle Eastern countries. Shirazi, Ngwenyama, and Morawczynski (2010) verified the link to political freedom, with both studies showing that ICT and freedom indicators were positively correlated.
Previous empirical studies contain two issues that will be addressed by the present study. First, prior analyses of ICT diffusion have attempted to determine the relationship between productivity, broad economic growth, and dissemination of ICT since 1980 (Hardy, 1980) . According to Table 1 , researchers have started to extend their examination to socioeconomic impacts driven by ICT diffusion. Considering ICT as a GPT, researchers have started to examine the actual relationships between the ICT diffusion rate and effects on society. In this study, we attempt to extend the discourse of socioeconomic impacts of ICT diffusion at the global level, specifically focusing on the human progress perspective.
Second, in analyses of the relationship between human progress and the diffusion rate of ICT, limited samples were used depending on income group or region within a relatively short period. For example, Baliamoune-Lutz (2003) analyzed three years of data from 47 developing countries. Shirazi et al. (2009) analyzed data from 1995 to 2005, focusing on the Middle East. However, the period they analyzed cannot easily be used to show the impact of the Internet or mobile phones because, while both technologies were introduced to the region, they were not widely utilized by most of the public at that time.
Based on these limitations of previous studies, there is a need for research that examines the relationship between the diffusion rate of ICT and human progress. The detailed focus of this study is presented in the next section.
Research framework
Prior studies on the relationship between ICT and economic growth commonly insist that there is an underlying consensus regarding the diffusion of ICT at the nation, industry, and organization levels, i.e. that ICT diffusion enhances the productivity of growth accounting, which leads to quantitative economic growth. However, the relationship between human well-being and ICT diffusion has rarely been assessed. Nonetheless, several studies have analyzed the use of ICT and its impact on everyday lives. These studies argue that there is a relationship between human progress and ICT diffusion at the societal level. In this context, this study asks whether the diffusion of ICT can increase societal well-being. Based on the issues mentioned in the previous section, this paper summarizes the following issues with the status quo. First, the trend in ICT diffusion research is moving from its impact on economic to socioeconomic development. Second, previous studies had limitations in sample sizes in their cross-country analyses due to data limitations and low rates of ICT diffusion at the global level. Third, prior empirical analyses intending to fully explain the implications of ICT diffusion were too brief. Since 2000, the world has experienced dynamic diffusion of ICT, somewhat invalidating earlier findings. These prior analyses might not appropriately convey the role and impact of ICT diffusion as a determinant of human progress.
Therefore, this research attempts to understand the impact of ICT diffusion on human progress considering the hypotheses mentioned below. First, we believe that the diffusion of ICT serves as a determinant of human progress. Human progress measures are assumed to be linked to economic growth. As economic growth is achieved by productivity enhancements, there is a higher likelihood of participants in the corresponding economy enjoying a better quality of life with higher incomes. Previous studies have attempted to examine the relationships between ICT and human factors. Ngwenyama, Andoh-Baidoo, Bollou, and Morawczynski (2006) showed that investments in ICT and education were statistically significant for predicting the Human Development Index (HDI) scores in African Nations from 1993 to 2008. Furthermore, Baliamoune-Lutz (2003) showed that ICT diffusion promotes economic development and enhances civil liberties and political rights in 32 middle-income countries. To extend the analysis sample with alternative iterations, we analyzed the relationships among the dependent variables of economic freedom, civil liberties, and political rights with the diffusion rate of ICT to determine the tangibility of intangible notions of human progress. H1: ICT diffusion can serve as a determinant of human progress.
In addition to the diffusion of ICT, which can impact human progress, we also examine whether the income level of a nation affects the impact of ICT. The aforementioned works analyzing the relationship between the diffusion of ICT and socioeconomic impact have addressed the significance in certain regions (Ngwenyama et al., 2006; Shirazi et al., 2009) or income groups (Colecchia & Schreyer, 2002; Mariscal, 2005) . In this study, we focused on whether the income level of a state will affect the impact of diffusion of ICT. Mainly, rapid growth rates of ICT diffusion occur in upper-and lower-middle-income countries compared to high-or low-income countries. High-income countries can experience a smaller impact on human progress with a greater usage of ICT for the following reasons. First, regardless of ICT being used by more of the population than before, high-income countries have already achieved high levels of economic freedom, political rights, and civil liberties. Thus, the impacts of higher ICT usage on human progress are difficult to determine.
H2: The impact of ICT diffusion will differ significantly depending on the income level of a country.
Middle-and low-income countries are not only facing dynamic ICT infrastructural changes, but are also facing large social changes at a rapid rate. For example, Kenya, a low-income country with a per capita GNI less than 1045 USD, has experienced rapid growth in the diffusion of mobile cellular networks. Figure 1 shows that nearly 80% of the Kenyan population subscribed to a mobile cellular network over one decade (ITU, 2015) . However, in the period analyzed in this study, wealthy nations already had a mature rate of ICT diffusion. It is therefore expected that a greater impact of a change in the ICT diffusion rate will be better explained by examining middle-or low-income nations.
H2.1: Upper-and lower-middle-income countries will experience a greater impact of diffusion of ICT than countries with lower income level.
Returning to the example above, Kenya had a key technology that has changed the economic activities of participating agents. M-PESA, with M standing for mobile and PESA representing an acronym in Swahili, a local language, is an SMS-based mobile payment system widely available in Kenya. This simple technology allows the unbanked, unconnected, semi-literate, and physically challenged in Kenya to enjoy banking services (Hughes & Lonie, 2007) . With M-PESA facilitating banking needs, its users also increased sharply as mobile cellular subscriptions increased. With wider economic opportunities through banking services, increased economic activities might have changed the daily lives of the Kenyan population. However, this might not be the case for all low-income nations. Before banking services can be established, poorer countries' main concerns might be more closely related to survival. In contrast, upper and lower income countries can enjoy the dynamics of the rapid growth rate of ICT diffusion and human progress given their rapid economic growth and social changes. H2.2: Low-income countries will experience the weakest impact of human progress.
To tackle the issue of technological diffusion of ICT, income levels as well as the types of technology used by users can affect the size of an impact. In this research, we measured ICT diffusion with three types of technologies: fixed-line telephones, fixed-line broadband subscribers, and mobile cellular subscriptions. Depending on the diffusion rate of each technology, its impact on human progress is measured.
H3: For each human progress indicator, different rates of technological diffusion in ICT will have different scales of impact. As modern politics have become more complex, political participation by individuals in a country in order to secure the interests of individuals has become a key issue related to political rights. However, for discourse on common interests, the underlying restrictions of the time and space needed to collect opinions and naturally formed barriers related to minor issues of a society must be overcome. However, the Internet, which allows multidirectional communication regardless of time or space, facilitates this discourse and overcomes the barriers. According to Flor (2001) , increased information generates resources and allows greater access to resources and opportunities. Therefore, the diffusion of Internet technology, as represented by the diffusion rate of fixed-line broadband technology, will have the greatest impact on political rights enhancements.
H3.1: The diffusion of fixed-line broadband technology will have the strongest impact on political rights enhancements.
At the same time, increasing communication between individuals will increase economic freedom of constituents. According to Jack and Suri (2011) , with reference to M-PESA in Kenya, for mobile phones, which have ubiquity regardless of whether they are located in urban and rural parts of the country, even at places which lack regular banking services, M-PESA serves as a substitute for bank accounts. Mobile phone mobility can allow more economic activities to be accomplished by users. Even if a mobile phone does not have mobile banking features such as M-PESA or an up-to-date mobile payment service, economic freedom can be derived through transfers of mobile traffic at any place and time. In addition, the technological literacy of mobile phones is more accessible than that of the fixed-line Internet due to its simpler features and lower implementation cost.
H3.2: The diffusion of mobile technology will have the greatest impact on economic freedom. Civil liberties, defined as "the freedom of expression and belief, associational and organizational rights, rule of law, and personal autonomy without interference from the state" (House, 2013), can be affected by the enhanced connectivity caused by the increased diffusion rate of ICT. More people are online for various purposes, such as for a hobby, political influence, religion, or other purposes. Social networks, formed by interconnections among participants of a society, are prevalent on the Internet. As mentioned above, considering the period of our study, which began in 2000, Internet access via mobile phones is a relatively recent trend. Mobile subscription data per 100 inhabitants as employed in this research contain 3G and 4G networked subscriptions. Therefore, we propose the final hypothesis of this research: H3.3: The diffusion of fixed-line broadband technology will have the greatest impact on civil liberties.
The following section describes the data used and methodologies applied to test the hypotheses.
Data and variables
This study divides variables broadly into ICT diffusion variables as independent variables and human progress variables as dependent variables. As mentioned above, the scope of ICT is limited to the Internet (fixed-line broadband), fixed-line telephones, and mobile telephones. The data are sourced from the World Telecommunication ICT Indicators by ITU. The period of the analysis is from 2000 to 2013. The list of variables and correlations are described in Tables 2 and 3. Given that this study examines the impacts of ICT diffusion, a diffusion measure is employed starting with the actual subscription to each service. Recently, due to the wide acceptance of smart devices, there are separate subscription measures using 3G or 4G networks. However, because this study starts its analysis in 2000 when smart phones were not widely in use, we only analyze mobile cellular subscriptions of 2G-, 3G-, and 4G-connected phones. Human progress indicators are employed from multiple sources in order to cover key aspects of human progress as the dependent variables: economic freedom (EF), civil liberties (CL), and political rights (PR) indicators.
The Index of Economic Freedom is employed as the economic freedom variable in this study and is published by the Heritage Foundation. The index is a mean score of 10 indexes measured on 5-point Likert scales, with a score of 5 indicating the lowest level of economic freedom. The 10 indexes evaluate monetary policies, trade policies, capital flows and foreign investment, wage and price controls, banking and finance regulations, intellectual property and black markets, regulations, property rights, transparency and bureaucracy, government intervention, and government burden (i.e. taxes and government expenditure).
The political rights and civil liberty indicators were imported from Freedom House, which assesses democracy grades by rating them on a 7-point Likert scale, where a score of 1 represents the highest degree of democracy. The indicator classifies countries as free, partly free, and not free depending on the score. The Freedom House estimation is widely imported for the study of human progress. For analytical purposes, both the political rights and civil liberty indicators were graded on a scale of 0-100 in this research (Table 4 ).
The sample consists of cross-sectional time series data from 102 countries categorized by income group. The categorization of income groups employs the criteria from the World Bank Atlas. Based on the GNP per capita for 2014, the income group criteria are listed in Table 5 .
Based on the given criteria, the 102 countries in the sample are categorized as shown in Table 6 . Due to data availability, low-income countries are less represented than high-, upper-, and lower-middle-income countries. 
Model
Because the panel dataset for this study shows a degree of autocorrelation, we employed the seemingly unrelated regression (SUR) model to analyze the hypotheses above. According to Moon and Perron (2006) , the SUR method allows a comparison between several individual relationships that are linked by a correlation between their respective distances by summing the constraints to restrict the parameters of different equations. In addition, because the cross-equation restriction is difficult to test with ordinary least squares (OLS), this study employed the SUR method for analysis (Wooldridge, 2002 ). The basic model 1 of this study is as follows:
The diffusion of ICT will have an impact on people within a certain time period. As both short-term and long-term effects of ICTs need to be studied, we employed a year-lagged analysis with short-term effects of ICTs. If the technology is new, the rate of acceptance differs based on consumer behavior. The diffusion of innovation to a user can be divided into five categories: innovators, early adopters, early majority, late majority, and laggards (Rogers, 2010) . The proportion in each category follows a nearly normal distribution. Thus, we employed a year-lagged analysis in order to determine the impact of ICT diffusion at time t -1 on the human progress indicators in time t.
The pooled dataset has four groups: high-, upper-middle-, lower-middle-, and lowincome countries. First, the study undertakes a pooled analysis of the data to examine the relationships between the freedom indicators and ICT diffusion. This tests H1, i.e. whether or not the diffusion of ICT has an impact on human progress.
Subsequently, the study conducts an analysis by income group, using identical steps in the pooled analysis for all four income groups. These results will determine whether the income level of a country determines the size of the impact of diffusion of ICT. At the same time, the relationships between each human progress indicator and the three technologies (i.e. fixed-line broadband, fixed-line telephones, and mobile cellular phones) will be compared to determine whether the technology type matters with regard to its impact on human progress.
Finally, an additional analysis will involve the rate of ICT diffusion and the composite human progress index. The composite index is composed of the three human progress indicators with equal weights. This composite index will show the general impact of ICT diffusion on human progress and will convey supplementary evidence to test H1. Table 7 shows the results of the SUR analysis of the pooled panel to examine whether changes in the diffusion rate of ICT impact human progress. All of the results corresponding to each indicator are significant at the 1% level. Overall, at the global level (pooled panel), the Internet had the greatest impact on every human progress indicator, with political rights demonstrating the greatest impact, followed by civil liberties. In contrast, all of the dependent variables had a comparatively minor impact of the diffusion of mobile cellular technology at the global level.
Results
The diffusion of ICT might have a direct impact in the corresponding years in which the technology was introduced. However, considering the technological diffusion process, it is necessary to consider a grace period when measuring the impact of ICT diffusion. Thus, this study undertook a year-lagged analysis of the pooled panel as shown in Table 8 .
The results were used to test H1 and H3 regarding the impact of ICT diffusion in general and the difference in the size of the impact depending on the form of technology used, respectively. By employing a year-lagged analysis, the results show slight changes from the previous analysis. Overall, H1 is accepted as all variables are related, as demonstrated in Table 8 . However, the level of statistical significance between MCS100 and political rights decreased slightly from the previous 1% level. The Internet (FBS100) has an effect on every human progress indicator. Out of three dependent variables, the Internet has the greatest impact on political rights, followed by civil liberties and economic freedom. In the previous analysis without a one-yearlagged model, economic freedom experienced the second largest effect from the Internet.
The changes in fixed-line telephones also had an impact. However, during the period of this study, the number of subscriptions for fixed-line telephones decreased, as shown in Figure 2 . Therefore, the positive coefficients in the results convey a negative correlation. Overall, fixed-line telephones have a marked negative relationship with the human progress indicators at the global level. This decreasing trend is derived from the increasing trend of mobile cellular phone usage. According to the ITU (2015), there are currently more cellular phones in use than the entire global population.
Lastly, mobile cellular phones showed a marked positive relationship with every human progress indicator. However, the impacts were smaller than those by the Internet. Furthermore, H3.2 was rejected because the coefficient was smaller than that for the Internet.
Even if, at the global level, the results show a general impact of ICT diffusion on human progress, it is difficult to generalize the result to every circumstance, especially in the case of different income levels of countries. Therefore, the following analyses account for the impact of ICT diffusion by examining differences in the income levels of countries in the sample. Given that this study considers that the diffusion of ICT will need a grace period to demonstrate its impact, the analyses employed a one-year-lagged method. Additionally, analyses by income level are performed with SUR to illustrate the individual relationships that are linked by the correlations of individual distances by summing the constraints so as to restrict the parameters of different equations. Table 9 shows the results of the SUR analysis grouped by corresponding income level. H2 is accepted because the results illustrate a different impact or no impact on the human progress indicators due to the change in the diffusion rate of ICT. H2.1, regarding middleincome countries experiencing a stronger impact by the diffusion of ICT on the human progress indicators, is rejected for the following reasons. MCS100 was the only variable that showed a statistically significant result in the upper-middle-income group. Furthermore, in the lower-middle-group, the economic freedom indicator was the only variable that showed an impact of a change in ICT diffusion rate. Concerning H2.2, the only statistically significant result was conveyed in the relationship between FTS100 and PR. In a .6103857*** (.1319441) .6236478*** (.1046472) FTS100
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. comparison with other income groups, the significant outcome was observed at the lowest level. However, the results illustrate fairly well the lack of an impact by the diffusion of ICT on human progress. Therefore, H2.2 is also rejected. Only a few results were found to be statistically significant. In the low-income group, only fixed-line telephones (FTS100) were estimated to have a statistically significant effect on political rights at the one to five percent levels. However, considering the limited number of samples, and that most low-income countries had low human progress indicator scores, it is difficult to determine the impact of ICT diffusion on human progress in this group. On the other hand, the result illustrates that, rather than the diffusion of ICT for human progress, there is an urgent need for items such as food and clothing as well as means to earn a living. Without satisfying the basic needs of the corresponding countries, the diffusion of ICT will not have a large impact on human progress.
Second, two results were found to be statistically significant in the lower-middleincome group. The economic freedom of lower-middle-income countries was affected by fixed-line telephones and mobile cellular phones. Based on the diffusion trend for the two types of technologies, as illustrated in Figures 3 and 4 , the diffusion rate of fixed-line telephones increased but started to decrease in 2011, while the diffusion rate of mobile phones increased globally. In other words, the increase in the diffusion rate of mobile cellular phones had a positive impact on enhancing the economic freedom of countries in the lower-middle-income group. In contrast, the increase in the diffusion rate of fixed-line telephones had a negative impact on enhancing economic freedom in countries in the lower-middle-income group.
In the upper-middle-income group, the diffusion rate of mobile cellular subscriptions had an impact on every human progress indicator at the 1% level of statistical significance. The greatest impacts were on civil liberties, political rights, and economic freedom, in that order. In the upper-middle-income group, the change in the diffusion rate of mobile cellular phones was the only determinant affecting human progress. In the high-income group, all of the analyses except that of the relationship between MCS100 and economic freedom showed significant results at the 1% level. The change in the fixed-line broadband diffusion rate had the largest impact on political rights, followed by civil liberties and economic freedom. The change in the diffusion rate of fixed-line telephones had the greatest impact on civil liberties. Interestingly, there was no statistical significance shown by the change in the diffusion rate of mobile cellular phones on economic freedom, but the change in number of mobile cellular subscriptions had negative impacts on political rights and civil liberties.
Conclusion
This research attempted to examine the relationships between ICT diffusion and human progress indicators at the country level. In this study, economic freedom, political rights, and civil liberties were analyzed by a cross-sectional time series analysis with 102 sample countries broken down into different income groups from 2001 to 2013. We developed three main hypotheses with extensions based on the research question of whether the diffusion of ICT affects humans by allowing them to enjoy a better social environment. We chose to utilize the SUR method after considering the characteristics of the data. This study also included a one-year-lagged analysis to reflect the peculiarities of ICT, which requires a certain length of time for users to adopt. The results are conveyed at both the global pooled country level and at different income levels of the four country groups, i.e. high-, upper-middle-, lower-middle-, and low-income groups.
In the analysis at the global level, the diffusion rate of ICT served as a determinant of human progress. As expected, the Internet had the largest impact on political rights among the three ICT variables. Fixed-line broadband technology showed the greatest impact on civil liberties compared to other types of technologies. Fixed-line telephones, for which the civil liberty diffusion rate is in decline, had an overall negative impact on human progress. At the same time, the impact of the change in the diffusion rate of mobile cellular phones had less of an impact than that of broadband technology. Through this analysis, H1, H3, H3.1, and H3.3 are accepted, but H3.2 is rejected because the impact of mobile cellular phones was weaker than predicted.
Further findings were conveyed by narrowing the research boundary to individual income groups by country. Each income group experienced different impacts on human progress due to changes in the diffusion rate of ICT. In the low-income group, an impact from the diffusion of ICT was rarely found. With greater incomes, greater impacts on human progress by the diffusion of ICT were found. In the lower-middleincome group, only two factors were found to have significant effects on economic freedom: fixed-line telephones and mobile cellular phones. In addition, only mobile cellular technology had an effect on all of the human progress indicators in the upper-middleincome group. Needless to say, high-income countries were impacted by ICT diffusion according to nearly every human progress indicator. However, this stands in contrast to the upper-and lower-middle-income groups, where mobile technology had negative impacts on the human progress indicators. Again, the results from the grouped analysis confirm a difference in the impact on human progress by the diffusion of ICT.
To summarize, it is clear that the change in the diffusion rate of ICT serves as a determinant of human progress at the global level. This research also found that the impact on human progress of ICT diffusion varies depending on the technology type and income level of a country. For instance, the upper-middle-income group demonstrated the greatest impact on human progress by mobile cellular phones, while this technology had a markedly negative impact in the high-income group. Still, the rich felt a stronger impact on human progress of diffusion of ICT than the poor. The grouped analysis approach based on income level suggests that both differences in technology and income level matter when attempting to measure the impact of the diffusion of ICT.
The findings of this research have several implications regarding the development of policies and the promotion of the diffusion of a GPT in a country. First, development policymakers should address the results of this study when considering whether to promote the diffusion of ICT at the national level in order to introduce improvements in human progress. At the organizational level, ICT diffusion can increase productivity, as mentioned above. However, because a country-level analysis is a collection of different types of constituencies compared to a profit-maximizer organization, the impact of ICT diffusion at the country level should also consider the issue of human progress based on the findings of this research.
Second, this study contributes to extending the debate on the spread of different GPT forms to impact human progress in countries. This is not only limited to ICT, but also to other technological regimes, such as electricity or transportation, which can also be categorized as forms of GPTs with great variability and adaptability. Because GPTs are used for multiple purposes, other types might play similar roles affecting human progress in a country.
Third, this work compares the impact of ICT diffusion on human progress indicators by both type of technology and income group. ICT was segmented into technology type, namely fixed-line telephony, broadband Internet, and mobile telephony, depending on the income level of the countries for a period of more than a decade. This study extended the discourse from other previous ICT studies, which mainly focused on short-term, technology-specific, or region-specific analyses. This extension will provide empirical grounds in the decision-making process of policy-makers by dividing the technologies according to ICT and the income level of a country. The empirical analysis of 14 years of data will also strengthen the credibility of these results.
However, this study has several limitations. First, the 14 years analyzed do not contain the recent technological change in the ICT environment. While smart devices innately bring Internet access, our analysis did not separately categorize these new devices, instead including them in the group of mobile cellular subscriptions (MCS100). Thus, future studies conducting an analysis between pre-and post-smart-device eras would be able to show the difference in the impact of smart devices on human progress.
Second, the limited data availability limits the range of this study, especially in low-income countries. We concluded that satisfying basic needs is more important than promotion of ICT diffusion in low-income countries, but different results based on supplementary data might show different results. Further availability of low-income country data will shed light on the impact of ICT diffusion on human progress. It is important to acquire more data from low-income countries, because promotion of ICT to alleviate extreme poverty is actively being continued at the global scale. The most rapid diffusion rate and innovative usage of ICT will also bring new insights to studying the impact of ICT on human progress.
Third, the human progress indicators were restricted to political rights, economic freedom, and civil liberty in this paper. These approaches were based on extending previous ICT studies, which had focused analyses by region or time period. In addition, this paper attempted to assess the impact of ICT on human progress separate from productivity measures or gross domestic products, which are generally accepted indicators for determining the well-being of a nation. In future studies, conducting an analysis of the relationships between the diffusion of ICT and other human progress indicators is suggested. As technology changes lifestyles, the impact of ICT should be examined further given its role of facilitating progress in our everyday lives. Note 1. Variable description in the SUR Model is as follows:
EF t : Economic freedom indicator at time t. PR t : Political rights indicator at time t. CL t : Civil liberties indicator at time t. FBS100 t−1 : Fixed-line broadband subscriptions per 100 inhabitants at time t -1. FTS100 t−1 : Fixed-line telephone subscriptions per 100 inhabitants at time t -1. MCS100 t−1 : Mobile cellular subscriptions per 100 inhabitants at time t -1.
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